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Abstract
In the recently suggested non-standard - quasi-molecular mechanism of recombination, the
presence of neighboring proton increases the ionization energy of hydrogen and decreases the
final recombination rate. We note that both these two effects can lead to the larger value of
the present expansion rate of the universe obtained using CMB data and standard cosmological
model, and thus are able to reduce or resolve the Hubble tension problem.
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The remarkable success of the ΛCDM model is challenged by the discrepancies in the measure-
ments of current Hubble parameter H0, known as the Hubble tension problem. Combining the re-
sults from type Ia supernovae observations with Large Magellanic Cloud Cepheid Standard Variables,
masers in NGC 4258 galaxy and Milky Way parallaxes gives the best estimate [1],
H0 = 74.03± 1.42 km sec
−1 Mpc−1 . (1)
Recently, analysis of gravitationally lensed quasars with measured time delays provided another
quite precise independent estimations of H0 from two different experiments, giving 73.3
+1.7
−1.8 [2] and
74.2+2.7
−3.0 [3], being in a good agreement with previous local measurements. Motivation for precise
knowledge of the Hubble constant and the most prominent methods for its measurement have been
summarized in [4].
The Hubble parameter also can be measured in earlier cosmological epoch and (assuming the
standard ΛCDM cosmological model) used to estimate current expansion rate. The most powerful
tool for determining cosmological parameters is Cosmic Microwave Background (CMB) data, which
estimates a number for the current expansion rate of the universe with an amazing precision [5],
H0 = 67.4± 0.5 km sec
−1 Mpc−1 . (2)
Recent intermediate scale gravitational waves observations [6], also provided an estimation of H0,
central value of which agrees well with (2), but, having a big uncertainty (+14), accurately covers
local measurements (1) within 1σ errorbar.
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The CMB + ΛCDM model value (2) is in conflict with local measurements (1) with about 5%,
nevertheless we note that it is very sensitive to some cosmological parameters. Different theoretical
models that might resolve the Hubble tension problem can be found in the recent review [7]. The
discrepancy may be due to some unknown systematics [8–10], or can be related to screening effect that
could be ruining distance ladder calibrations in local universe [11], but it can also be hinting on some
new physics beyond ΛCDM model. Such scenarios include the hypotheses of decaying dark matter
[12], missing of some dark sector [13–19], alternate dynamics of dark energy [20], neutrino effects
[21–23], emerging spacial curvature [24], evolving scalar fields [25,26], primordial non-Gaussianity [27],
dissipative axion [28], the lack of knowledge of the path that CMB photons covered since decoupling
[29], etc. The Hubble tension can be reduced also using modified scenarios of recombination [30].
According to standard recombination picture, primeval plasma consisted of protons (hydrogen
ions), helium ions (with ∼ 24% of total mass of baryonic matter from the Big Bang nucleosynthesis),
electrons and photons. At z ≃ 5000 − 8000 doubly ionized helium started to recombine, becoming
singly ionized, and then at z ≃ 1600− 3500 neutral helium atoms were formed. At z ≃ 500− 2000,
when energy of photons dropped below the hydrogen ionization energy, recombination of hydrogen
took place and photons decoupled from matter creating CMB.
A fundamental mechanism of radiative recombination [31,32] states that proton and electron can
form hydrogen atom only in exited state, accompanied by emission of a photon. Direct recombination
in the ground state is inefficient as produced radiation has high energy and will ionize neighboring
atom, giving no net result. Atom in highly exited state cascades down very quickly to the first exited
state with principal quantum number n = 2. After that, electrons can reach ground state by radiative
decay from 2p state by emitting a Lyman-α photon, or decay from 2s state emitting two photons.
Understanding recombination physics properly, allows to calculate H0 accurately. However, re-
combination process is not as trivial as discussed above. In order to get a complete picture, many
correction terms must be incorporated [33]. The Hubble constant is related to a size of sound horizon
at recombination r∗. An angular sound horizon θ = r∗/dA(z∗), where dA(z∗) is an angular diameter
distance to the last scattering surface (with z∗ being a recombination redshift), is precisely measured
by the CMB data analysis. With tight constraint on θ, small variation of dA(z∗) strongly affects the
Hubble constant. It was shown that 1% increase in dA(z∗) can lead to 5% rise of H0, that can remove
tension with local measurements completely [29].
Recently the dependence of the Hubble constant on different recombination parameters was sys-
tematically investigated [34]. The authors had modified a publicly available standard RECFAST
code [35, 36], adding scaling factors to several atomic parameters. As a result, they found that H0
(which depends on the hydrogen recombination redshift z∗) is the most sensitive to the hydrogen
ionization energy and to the hydrogen 2s→ 1s two-photon transition rate:
• If the ionization energy of hydrogen was higher, recombination process would have started at
higher temperatures, i.e. at higher z, that means, last scattering surface is located further than
we expect and thus, the value of the Hubble constant today must be bigger;
• If 2s→ 1s transition rate was lower, recombination proceeds slower, which is equivalent to the
local increment of temperature and z∗ is increased again.
Both these parameters are atomic constants well-determined by quantum mechanics. Therefore, we
can only speak about effective parameters, which can, in principle, alter recombination picture and
decrease the Hubble tension.
In this paper we want to estimate the influence of the new non-standard, quasi-molecular re-
combination mechanism [37] on the value of H0. In [37], it was shown that before the hydrogen
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recombination period (z & 2000), average distance between protons were comparable with a radius
of hydrogen atom in highly exited states. This means that in the early times of recombination two
protons and an electron can form 2p − 1e quasi-molecules with higher ionization energy. After the
emission of a photon, this system forms a hydrogen molecular ion H+2 in highly excited repulsive or
attractive state (formation of H+2 in ground or in first exited state is inefficient, as emitted photon
will ionize neighboring hydrogen molecular ion). H+2 in repulsive state will rapidly dissociate into
excited hydrogen atom and proton,
H+2 → H
∗ + p . (3)
Hydrogen molecular ion in attractive state will cascade down to lower states,
H+2 (n)→ H
+
2 (n− 1) + ~ω (4)
and at some point, it might transition into the lower repulsive state and then dissociate according to
the equation (3). As a result, for a probability of radiative recombination one gets
Wrep(R) = Wtot(R)−Watr(R) , (5)
where R is the average distance between protons, Wtot is a full probability and Wrep and Watr are
the probabilities of forming repulsive and attractive states, respectively. In the limit R → ∞, the
term Wtot coincides with the probability calculated for isolated proton, while Watr determines the
probability of transition to the bound quasi-molecular states. Thus, presence of another proton
generates the states, which are forbidden in the case of isolated atoms, reducing the probability with
respect to the recombination on an isolated proton and stretches the recombination process.
The quasi-molecular mechanism of recombination states that proton and electron were forming
neutral atoms in exited states in the presence of neighboring proton, with higher ionization energy. It
means that recombination started earlier (z ≃ 2000− 8000), when the temperature was greater than
required for the standard hydrogen recombination scenario. Besides that, attractive states of H+2
decrease the probability of recombination with respect to the isolated proton as shown in equation
(5). In turn, effectively it can play a role similar to the decrease in 2s → 1s transition rate. Both
these two effects induced from the quasi-molecular mechanism, effectively can act as a rescaling of
atomic parameters, which (according to the analysis of [34]) are most efficient mechanisms to increase
the calculated value of H0.
Exact size of the corrections from the quasi-molecular mechanism are not given yet, but as it relies
upon perturbative approach, each of these corrections can be up to 1 − 2% sized. It is important
that these (increase in ionization energy and decrease in transition rate) are additive effects and,
together with the fact that even small corrections can generate a noticeable overall impact in the
Hubble constant estimation [29], can explain 5% discrepancy with the local Hubble measurements.
Note that it is not so straightforward to carry a full numerical analysis; many computational codes
need to be modified and it can affect other cosmological parameter, as many of them are correlated.
Such calculations are beyond a scope of our paper. Our analysis of the contribution to recombination
from 2p− 1e quasi-molecules, cannot conclusively demonstrate the significance of this phenomena in
Hubble constant estimations. However, it is clear that the model of recombination may be missing
a potentially important ingredient. The point of this work is that existing computational codes of
recombination (like RECFAST [35, 36]) should consider the quasi-molecular processes, along with
the more well-known mechanisms. Inclusion of possible corrections can increase the Hubble constant
estimated from CMB data analysis and decrease the tension with the local measurements.
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